###### Strengths and limitations of this study

-   This study uses a large national dataset which is known to have good coverage and accuracy across public hospitals.

-   Methods of quantifying variation are in line with international work.

-   We could not include procedures conducted within private hospitals.

-   An analysis of factors associated with the variation was explored, however, results should be considered exploratory due to data availability.

-   Differences in the definitions and denominators used in national atlases of healthcare variation in different countries limit the ability to make direct international comparisons of standardised discharge rates.

Introduction {#s1}
============

Variations in healthcare procedures and practice can sometimes be appropriate reflecting the differences in healthcare needs across different populations.[@R1] However, significant unwarranted variation in healthcare does exist.[@R1] In evaluations of clinical practice variation, care has been grouped into three domains with different implications for patients, clinicians and policy makers[@R2]:'Effective care' is defined as interventions for which the benefits far outweigh the risks and unwarranted variation is generally a matter of underuse.'Preference sensitive care' occurs when more than one generally accepted treatment option is available. In this case, the rate depends on patient and professional decision making.'Supply-sensitive care' comprises clinical activities for which the frequency of use relates to the capacity of the local healthcare system.

In relation to musculoskeletal care, practice variation has been widely studied for surgical procedures used to treat pain caused by degenerative musculoskeletal conditions including spinal surgery for back pain and joint replacements for arthritis of the knee and hip.[@R3] Several international guidelines recommend reserving surgical intervention for cases with clear indication or that have not responded to conservative management including pharmacological treatments and physiotherapy.[@R4] The level of geographic variation observed internationally to date has varied by country and procedure. For hip and knee replacements, twofold variation has been observed in Europe and fivefold in the USA.[@R6] For spinal fusion, approximately fivefold variation has been observed in Europe and up to 20-fold in the USA.[@R11] In the USA, studies of musculoskeletal procedures have focused on the domain of 'preference-sensitive care'.[@R11] In contrast, in countries with predominantly publicly funded hospital services including Ireland, the UK and Canada, considerable waiting lists for orthopaedic procedures may influence provision and cause 'supply-sensitive' variation.[@R2]

In Ireland, minimal research has been conducted into the causes of potentially unwarranted variation of musculoskeletal procedures, although analyses conducted by the Health Information and Quality Authority (HIQA)[@R5] suggest that significant variation for several elective musculoskeletal procedures does exist within the public system. HIQA also highlighted the need for increased clarity around clinical referral thresholds for these procedures to help increase equity of care and minimise treatment overuse.[@R5]

The first step to address unwarranted variation in healthcare is the systematic, routine collation and publication of data on such variations.[@R14] Detailed multivariable analysis of factors associated with musculoskeletal surgical variation in Ireland is required in order to establish if variation is unwarranted and if it is leading to inequitable access to publicly funded care. The aim of this study is to examine the extent of geographical variation in musculoskeletal procedures in public hospitals in Ireland, with a focus on the most common and costly procedures. Our secondary aim was to explore potential causes for any variation identified.

Methods {#s2}
=======

The Strengthening the Reporting of Observational Studies in Epidemiology guidelines were used to guide the conduct and reporting of this study.[@R15]

Setting {#s2a}
-------

As of 2016, Ireland has a population of 4.7 million people. Ireland's healthcare system is characterised by a complex mixture of public and private delivery and financing with different routes of access.[@R16] All persons resident in the state are entitled to receive hospital care through the publicly funded healthcare system. There are however considerable delays within this system. As of September 2018, there were 9600 patients listed as waiting for an orthopaedic procedure in public hospitals in the country with 37% of these individuals waiting for over 6 months.[@R17] This is in addition to the time spent waiting for diagnostic tests and appointments with hospital consultants. As of 2017, approximately 43% of the population held private health insurance which may entitle them to avoid long delays and access elective orthopaedic and pain management in up to 17 private hospitals in the country.[@R18] Hospital consultants may hold contracts that permit them to conduct private practice within public hospitals, for which they earn private fees on top of their salaries. Public and private patients receiving treatment in public hospitals however are assigned priority for procedures on a common waiting list.[@R16] The current study explores variation across public hospitals but not private hospitals in Ireland.

Participant selection {#s2b}
---------------------

An anonymous dataset of admissions with a discharge date between 2012 and 2016 inclusive, with a minimum patient age of 18 years were extracted from the national Hospital Inpatient Enquiry (HIPE) system. HIPE is the principal source of information on all inpatient and day case discharges from and deaths in publicly funded acute hospitals in Ireland with over 99% coverage each year.[@R20] Further information about this dataset is available in the online [supplementary table 1](#SP1){ref-type="supplementary-material"}. For this analysis, admissions were excluded for those not resident in Ireland. All hospital admissions, including those defined as 'inpatient', 'day case', 'emergency' and 'elective', were selected.[@R20] While data from private hospitals were not included in this study, patients who had private health insurance but were treated within a public hospital were included.
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Admissions with the following procedures were selected: hip replacement, knee replacement, knee arthroscopy, spinal procedures for lumbar degenerative disease, spinal injections for lumbar degenerative disease and surgical hip fracture repair (see online [supplementary table 2](#SP1){ref-type="supplementary-material"}, which shows detailed definitions of selected admissions with International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification \[ICD-10-AM \] codes).[@R21]

These groups of admissions were chosen to allow comparisons with the majority of international research in the field and previous national analyses of practice variation.[@R3] Hip fracture admissions were selected for investigation as surgical repair for this diagnosis is widely defined as 'effective care' and low levels of unwarranted variation would be expected.[@R11] This has been used in other similar research as a comparative measure.[@R10]

Formal ethical approval was not sought for this study as it was conducted using existing national anonymous administrative and publicly available datasets.

Definition of small areas and calculation of standardised discharge rates (SDRs) {#s2c}
--------------------------------------------------------------------------------

Within the HIPE system, area of residence is coded at the county level with the exception of the largest county (Dublin) which is further delineated by postcode.[@R20] Age-stratified and sex-stratified population counts for persons over the age of 18 in each of the 26 counties in Ireland and the areas of North Dublin and South Dublin, were obtained based on the 2011 and 2016 national censuses.[@R25] Further information about census methodology can be found in the online [supplementary table 1](#SP1){ref-type="supplementary-material"}. The population estimates for the intercensus years were calculated by assuming a uniform annual growth rate. Based on referral patterns for elective musculoskeletal procedures, small counties were grouped with neighbouring counties in order to produce more stable estimates of variation.[@R26] The county of Dublin was split into North and South Dublin due its relatively large population (29% of the national adult population in 2016). Thus, a total of 21 small areas were defined. For each of the six selected procedures, discharge rates per 100 000 adult residents were calculated by year and small area. Rates were indirectly standardised for sex and age using the 2013 WHO European Standard Population.[@R27]

Quantifying variation {#s2d}
---------------------

The extent of variation in SDRs for each procedure across small areas was estimated using the extremal quotient (EQ, maximum rate divided by minimum rate), the coefficient of variation (CV, ratio of SD of rates to mean of rates) and the systematic component of variance (SCV).[@R28] Each variable was also calculated eliminating outliers beyond the 5--95 percentiles (EQ~5-95~, CV~5-95~, SCV~5-95~).[@R12] The SCV, a robust measure that represents the true, non-random part of observed variations, is calculated by

$$\frac{1}{k}\left( {\sum\limits_{i = 1}^{k}\frac{\left( {O_{i} - E_{i}} \right)^{2}}{E_{i}^{2}} - \sum\limits_{i = 1}^{k}\frac{1}{E_{i}}} \right)$$

where *k*=21 (the number of small areas), *O~i~* is the observed number of discharges in the *i*th small area and *E~i~* is the expected number determined by indirect standardisation.[@R1] An SCV value of \>3 is likely to be due largely to practice style differences, \>5 is indicative of high variation and \>10 is considered very high variation.[@R1]

Explaining variation {#s2e}
--------------------

Geographic variation can be associated with healthcare supply-and-demand-related factors.[@R24] Variables at the small-area level were derived from several data sources to explore these factors. Unemployment rate was calculated from census data as a proxy for the socioeconomic status of an area, which has been found to influence demand for healthcare.[@R30] The proportion of the population living in urban areas (in towns with populations of 1500 or more) were also calculated from the census[@R25] as this could affect both the availability of services and the ability to manage a chronic pain condition.[@R31]

Limited data were available at the small-area level in relation to the supply of relevant healthcare services. The proportion of patients using private insurance for each procedure was calculated and explored as a proxy for the availability of private hospital care in an area. Data on the numbers waiting for inpatient and day case procedures broken down by hospital name and clinical specialty are published by the National Treatment Purchase Fund.[@R17] We constructed an exploratory variable for the purposes of this analysis whereby each small area was assigned a number of 'referral hospitals' for each group of procedures under study and each group of procedures was assigned to a number of clinical specialties. This allowed us to create an estimate of the proportion of individuals waiting more than 6 months for a procedure on relevant lists. Further details on the derivation of this variable, as well as the accuracy and coverage of waiting list data, is available in online [supplementary table 1](#SP1){ref-type="supplementary-material"}. The number of hospitals offering a service in each area could also be a source of variation. We therefore considered the number of 'referral hospitals' as a separate exploratory variable.

Linear regression analysis was conducted for each procedure with standardised discharge rate as the outcome. Area-level explanatory variables included year, unemployment rate, proportion of the population living in an urban area, number of referral hospitals, the proportion on relevant waiting lists for more than 6 months and the proportion of patients with each procedure who were covered by private health insurance. A random effect to account for clustering within small area was also included in the models. Stata V.14 (StataCorp) was used for all statistical analyses.

Patient and public involvement {#s2f}
------------------------------

Patients were not involved in the conception, design or conduct of this research.

Results {#s3}
=======

Demographics {#s3a}
------------

The mean number of adults in the population per small area in 2011 was 163 789 (range 73 599--541 231) and in 2016 was 170 065 (range 73 430--567 424). The following analysis includes records from n=102 756 admissions over 5 years from 36 public hospitals. Demographics and clinical characteristics are presented in [table 1](#T1){ref-type="table"} by procedure. While lumbar spinal injections make up the largest category of procedure, they had the shortest length of stay and at least a quarter were repeat admissions. Those with joint replacements and hip fracture repair were older on average than those with knee arthroscopies and interventions for lumbar spine disease.

###### 

Demographics of admissions (2012--2016)

  Procedure                          Total no. of admissions   Mean age (SD)   Male %   'Private' patient %\*   Elective admission%   Mean LOS in days (SD)   Day case procedure %   Repeat patient %†
  ---------------------------------- ------------------------- --------------- -------- ----------------------- --------------------- ----------------------- ---------------------- -------------------
  Hip replacement‡                   20 542                    65.9 (12.2)     52.8     28.1                    94.4                  7.9 (16.1)              0.2                    5.5
  Knee replacement                   12 151                    67.1 (9.9)      41.2     27.7                    98.3                  6.3 (8.0)               0.3                    5.6
  Knee arthroscopy                   15 089                    46.2 (15.5)     62.0     36.1                    95.7                  1.6 (5.7)               78.1                   3.4
  Surgical lumbar spinal procedure   5159                      49.1 (15.7)     51.8     38.8                    76.6                  3.8 (5.4)               2.7                    3.1
  Lumbar spinal injection            33 880                    56.0 (15.9)     39.1     32.0                    98.5                  1.1 (1.9)               97.8                   25.7
  Hip fracture repair§               16 101                    79.2 (10.2)     29.4     24.6                    0.6                   19.1 (26.0)             0.1                    2.0

\*Refers to those covered by private health insurance during stay in public hospital.

†Due to data available it is not possible to identify individual patients if they attend different hospitals. Proportion shown is therefore a minimum estimation of repeat patients.

‡Excluding principle diagnosis of hip fracture.

§Principle diagnosis, over age of 50, excluding those transferred to other hospital within 2 days of admission.

LOS, length of stay.

SDRs {#s3b}
----

[Figure 1](#F1){ref-type="fig"} shows dotplots of SDRs for different procedures across 5 years. It is evident that the SDR for knee arthroscopies has decreased over the study period.

Quantifying variation {#s3c}
---------------------

[Table 2](#T2){ref-type="table"} shows the level of variation across procedures. As expected, the rate of hip fracture repair shows very low geographic variation (SCV \<1). Knee replacement shows high variation in particular years (twofold, SCV \>5) and hip replacement shows high variation in all years studied (2.5-fold to 3-fold, SCV \>5). Geographic variation for knee arthroscopies and lumbar spine procedures is very high in several years (threefold to fivefold, SCV \>10). Variation is particularly high for lumbar injections (12-fold to 14-fold, SCV \>40) and remains high when areas with rates in the fifth and 95th percentile are excluded (see online [supplementary table 3](#SP1){ref-type="supplementary-material"}, which shows national crude and standardised rates, EQ5-95, CV~5-95~ and SCV~5-95~).

###### 

Quantifying variation

  Procedure                          Year    Standardised discharge rate by area   Measures of geographical variation                  
  ---------------------------------- ------- ------------------------------------- ------------------------------------ ------ ------- -------
  Hip replacement                    2012    82.1                                  258.4                                3.1    26.1    7.7\*
  2013                               85.7    255.2                                 3.0                                  26.5   7.5\*   
  2014                               84.0    236.0                                 2.8                                  26.4   8.3\*   
  2015                               89.0    245.9                                 2.8                                  24.0   6.7\*   
  2016                               73.5    226.8                                 3.1                                  21.8   5.7\*   
  Knee replacement                   2012    61.9                                  137.7                                2.2    21.9    4.3
  2013                               60.5    133.1                                 2.2                                  20.4   3.1     
  2014                               51.6    124.7                                 2.4                                  25.9   5.7\*   
  2015                               64.1    135.0                                 2.1                                  21.3   3.5     
  2016                               54.0    128.0                                 2.4                                  26.1   5.5     
  Knee arthroscopy                   2012    58.0                                  188.0                                3.2    28.9    10.0†
  2013                               52.4    202.2                                 3.9                                  36.4   13.8†   
  2014                               54.5    191.4                                 3.5                                  33.3   12.5†   
  2015                               55.3    165.9                                 3.0                                  32.1   11.0†   
  2016                               53.0    149.6                                 2.8                                  25.2   6.1\*   
  Surgical lumbar spinal procedure   2012    11.4                                  62.4                                 5.5    45.0    15.0†
  2013                               15.4    62.8                                  4.1                                  38.8   12.0†   
  2014                               12.4    53.5                                  4.3                                  35.0   9.2\*   
  2015                               12.1    56.4                                  4.6                                  46.1   16.9†   
  2016                               11.5    63.8                                  5.6                                  44.1   14.2†   
  Lumbar spinal injection            2012    60.0                                  705.9                                11.8   67.4    41.3†
  2013                               57.1    739.3                                 12.9                                 76.4   54.5†   
  2014                               48.9    680.0                                 13.9                                 75.7   56.2†   
  2015                               57.3    770.7                                 13.4                                 78.6   60.9†   
  2016                               49.3    737.7                                 14.0                                 72.9   52.6†   
  Hip fracture repair (50+ years)    2012    211.5                                 322.0                                1.5    11.3    0.4
  2013                               202.8   341.5                                 1.7                                  12.4   1.0     
  2014                               230.5   357.2                                 1.5                                  12.4   0.7     
  2015                               230.4   333.1                                 1.4                                  10.5   0.0     
  2016                               213.3   323.8                                 1.5                                  8.6    0.2     

\*High variation.

†Very high variation (SCV \>3 likely be to 'medical discretion'; 5--10=high variation;\>10 very high variation).

SCV, systematic component of variance.

Explaining variation {#s3d}
--------------------

[Table 3](#T3){ref-type="table"} shows a description of small-area level variables used to explore variation (see online [supplementary table 4](#SP1){ref-type="supplementary-material"}, which lists the 21 small areas and demographic variables for census years). Knee replacement rate was significantly lower in 2014 than 2012 (unadjusted coefficient: −11.0 (95% CI −18.1 to −3.9)). Knee arthroscopy rates were lower each year when compared with 2012 (unadjusted coefficients for 2014: −10.2 (95% CI −16.8 to −3.7), for 2015: −15.4 (95% CI −25.2 to −5.5) and for 2016: −20.8 (95% CI −30 to −11.5)). With adjustment for other factors, areas with a lower proportion of the population living in urban areas had higher rates of hip replacement (adjusted coefficient (−102.7 (95% CI −138.5 to −66.9))). Areas with higher unemployment rates had higher hip replacement rates (adjusted coefficient 384.7 (95% CI 70 to 699.5)) and higher knee replacement rates (adjusted coefficient 596.8 (95% CI 331.4 to 862.3)). Lumbar spinal procedure rate was associated with fewer referral hospitals (adjusted coefficient −3.1 (95% CI −5.5 to −0.8)). Higher spinal injections rates were associated with lower proportions of people on relevant waiting lists for \>6 months (adjusted coefficient −557 (95% CI −1018.4 to −95.5)). A higher proportion of patients having private health insurance for each procedure was associated with higher rates of hip replacement (adjusted coefficient (153.2 (95% CI 80.6 to 225.9))), knee replacement (adjusted coefficient (87.2 (95% CI 48.6 to 125.7))) and lumbar spinal procedures (adjusted coefficient (35.8 (95% CI 20.2 to 51.5))) (see online [supplementary table 5](#SP1){ref-type="supplementary-material"}, which shows the full univariable and multivariable results of linear regression analysis with SDRs as the outcome).

###### 

Variables for explaining variation at area level

                                                         Mean (SD)       Range
  ------------------------------------------------------ --------------- --------------
  Proportion of population in urban areas (2012--2016)   51.1% (19.8%)   27.3%--98.9%
  Unemployment rate (2012)                               18.9% (2.4%)    15.2%--24.5%
  Unemployment rate (2016)                               13.9% (2.1%)    10.6%--18.0%
  Hip replacement                                                        
   % Private patients                                    26.1% (10.9%)   8.9%--63.8%
   No. of referral hospitals                             1.8 (0.5)       1--3
   % \>6 months on waitlist                              21.7% (13.0%)   0%--48.5%
  Knee replacement                                                       
   % Private patients                                    25.3% (12.8%)   7.5%--68.4%
   No. of referral hospitals                             1.8 (0.5)       1--3
   % \>6 months on waitlist                              21.7% (13.0%)   0%--48.5%
  Knee arthroscopy                                                       
   % Private patients                                    33.9% (15.8%)   9.7%--75.2%
   No. of referral hospitals                             2.0 (1.1)       1--5
   % \>6 months on waitlist                              20.6% (13.8%)   0%--48.1%
  Surgical lumbar spinal procedure                                       
   % Private patients                                    30.5% (19.2%)   0%--72.4%
   No. of referral hospitals                             2.5 (1.1)       1--5
   % \>6 months on waitlist                              33.0% (12.0%)   0%--57.7%
  Lumbar spinal injection                                                
   % Private patients                                    28.2% (9.2%)    12.5%--55.1%
   No. of referral hospitals                             2.9 (1.3)       1--6
   % \>6 months on waitlist                              25.1% (11.9%)   4.3%--46.7%
  Hip fracture repair                                                    
   % Private patients                                    24.2% (7.5%)    6.3%--42.5%
   No. of hospitals                                      1.4 (0.7)       1--3

Discussion {#s4}
==========

Summary of principle findings {#s4a}
-----------------------------

This study explored geographical variation across six of the most common and costly musculoskeletal surgical procedures conducted in public hospitals in Ireland between the years 2012 and 2016. In comparison to variation in hip fracture repair, elective hip and knee procedures showed high variation in particular years. Both the rate and level of variation for knee arthroscopy rates appears to have decreased over time. Variation for lumbar spine interventions, and particularly spinal injections, is very high. From exploratory analysis, total joint replacement rates were found to be associated with population-level variables, with hip replacement rates being higher in rural areas and hip and knee replacement rates associated with higher unemployment. Lumbar spine intervention rates were associated with service-level variables including numbers of referral hospitals and markers of waiting list length. The proportion of patients using private insurance, which could be a proxy for the availability of private hospital care in an area, was associated with higher rates of hip replacement, knee replacement and lumbar spinal procedures.

Findings in relation to other studies {#s4b}
-------------------------------------

Our finding that standardised hip replacement rates are higher in rural areas is similar to several studies from the UK, Europe and the USA.[@R7] Even when not associated with overall population density, rates have been found to be particularly low in large cities.[@R7] Dixon and colleagues in England hypothesise that in their study, the absence of data from private hospitals could explain this finding, as they are mostly located in urban centres.[@R9] This is also possible in our study, however the urban/rural relationship remained even when the proportion of patients with private insurance was included in the model. Alternatively, it has been suggested that the infrastructure in large cities could lead to lower perceived disability and may allow patients with hip arthritis to manage for longer without surgery.[@R8]

As in our study, knee replacement rates in England have been found to be higher in areas of social deprivation.[@R35] This could be explained by incidence of disease as opposed to access to services. A Spanish study found that after adjusting for age and gender, residents in areas of highest socioeconomic deprivation had a 50% increased risk of clinical knee osteoarthritis but only 25% higher risk of hip disease.[@R36] This difference in osteoarthritis prevalence could be related to higher rates of manual occupations and potentially higher rates of overweight and obesity in socially deprived areas.[@R36] This could have orthopaedic and broader healthcare service implications as obesity is associated with increased surgical risk and can dissuade surgeons from operating.[@R5] In our study, knee replacement rate was particularly low in 2014 which could in part be explained by the economic recession. Construction workers, who were disproportionately affected by job insecurity and emigration may have deferred seeking elective procedures.[@R39] Knee arthroscopy rate was also associated with higher unemployment in univariable analysis but as both decreased over time, the relationship did not remain significant in multivariable analysis.

The observed decrease in knee arthroscopy rate is in line with international trends and strengthening evidence that medical management results in similar benefits for osteoarthritis and meniscal tears.[@R40] The high variation observed for this procedure may suggest that some areas were slower than others in adopting updated evidence. Patients receiving arthroscopy were younger than those with joint replacements (mean age 46 versus mean age 66). Previous studies have described arthroscopies being used for traumatic injuries mostly in younger males and osteoarthritis in older adults.[@R43] These groups could be explored separately in future work. The observed day case rate for arthroscopies was 78% which is much lower than the current goal in Ireland of 95%.[@R5] This could be an area for potential service improvement. When one area with particularly high rates of arthroscopies is excluded, observed variation is lower (see online [supplementary table 3](#SP1){ref-type="supplementary-material"}). Although the maximum rate is decreasing with the national trend, it remains notably higher than the median (see [figure 1](#F1){ref-type="fig"}). It would require further investigation to determine whether this variation is unwarranted or related to higher burden of disease.

![Dotplots of standardised discharge rates per 100 000 population for different procedures (2012--2016). Legend: each dot represents a geographical area. The red dashed line shows the median value for each year.](bmjopen-2018-028037f01){#F1}

The higher variation observed for spinal procedures is in line with international research, due to the effectiveness of these procedures being more uncertain in comparison to joint replacements.[@R11] Current guidelines recommend that spinal procedures and injections should only be considered for a number of defined indications after completing conservative management options including physiotherapy, with the exception of a few conditions that require urgent review.[@R13] Despite this, there has been an 80% increase in the number of spinal injections administered between 2005 and 2012 in Ireland, consistent with international trends.[@R44] In contrast to joint replacements, we found these procedures to be associated with service-level rather than demographic-level variables. The association of spinal procedure rates with a lower number of referral centres could potentially be explained by the development of specialised centres with subsequent increased referral of local residents.[@R9] The magnitude of geographic variation observed for spinal injections, specifically with regard to five areas in Ireland, may suggest that decision making is concentrated among the few (eg, surgeons) rather than patients.[@R11] In Canada, enthusiasm for surgery among surgeons but not among patients or general practitioners (GPs) was found to be associated with increased rates of lumbar spinal surgery.[@R45] This may also be the case with injections. Alternatively, this could be a marker of supply-sensitive care as several specialties now carry out this procedure, including orthopaedic surgeons, neurosurgeons, radiologists and pain specialists. Further research, including surveys with providers, may help to reveal explanations for very high rates of injections in particular areas in Ireland.

Strengths and weaknesses of the study {#s4c}
-------------------------------------

This study provides a national picture of procedures conducted through publicly funded hospitals in Ireland using a very large dataset which is known to have good coverage and accuracy.[@R20] As recent healthcare policy and reforms in the country have placed an increased focus on prioritising equitable access to care according to need rather than ability to pay, we believe that it is important to explore variation across public hospitals.[@R16] The absence of data from the private sector is a limitation of our analysis and it does not therefore reflect all surgical activity in the country. In 2015, it was estimated that private hospitals accounted for 31% of day patient admissions and 15% of inpatient bed days in Ireland.[@R46] The Private Hospitals Association have also reported that approximately 50% of all elective procedures in 2015 were performed in private hospitals.[@R19] Further details of private hospital activity or specific procedures performed however cannot be determined from available information. This has been a consistent limitation encountered by policy-informing research in Ireland to date.[@R46] This difficulty has also been cited as a limitation in previous research in orthopaedic geographical variation in England.[@R9] The absence of private hospital data may in part explain the observed low rates of particular procedures in urban areas or in areas of lower social deprivation, as private hospitals are mostly located in cities and are accessible by those who can afford private health insurance.[@R9] We did however attempt to account for this potential source of variation by including the proportion of patients covered by private health insurance for each procedure in the analysis as low numbers of private patients in public hospitals could signal that private hospitals are treating eligible patients in the area. This hypothesis is supported by the observed association between private cover and higher rates of several procedures in this study. An Irish National Orthopaedic Registry for joint replacements is currently being established and it is hoped that this will include private sector data as has been the case in other countries.[@R8] This could provide further insights in future research. To our knowledge however, there are no plans for a registry for spinal procedures or injections for which there is highest level of geographic variation.

The primary aim of this study was to estimate the extent of geographical variation in the procedures under study. Our analysis of potential factors associated with standardised discharge rates should be considered exploratory as it was limited by lack of information available at the geographical level of interest. This challenge has been encountered by similar studies in Spain and England.[@R9] We derived a variable in relation to the length of waiting lists to represent healthcare supply factors.[@R2] We are unable to determine however if wait times for specific procedures and those with specific areas of residence are accurately represented by this variable. Furthermore there are several potentially important factors that we were unable to explore including the availability of conservative options (ie, physiotherapy).[@R4]

Geographical areas were chosen for this study based on county boundaries in Ireland. While this decision was primarily due to data availability we also believe these units of analysis to be meaningful for clinical decision makers. Healthcare boundaries are complex in Ireland as geographical regions for primary and secondary care are not coterminous. Furthermore, governance boundaries of the secondary care system changed during period of this study. In 2013, acute hospitals were divided into seven 'Hospital Groups' for decision-making purposes.[@R48] It is therefore likely that there is interdependence across our areas that has changed over time.[@R12] This is in contrast to the methods of the Dartmouth Atlas of Healthcare Variation in the USA where relatively independent areas could be constructed based on specific healthcare markets.[@R12]

Definitions and denominators chosen in this study are in line with previous Irish analyses.[@R5] We included all age groups except for with hip fractures where we excluded those under 50 years. Many similar studies in the USA include only those over the age of 65, while in the Australian Atlas of Variation the study of knee arthroscopies has been limited to those over the age of 55.[@R11] Additionally, national atlases of healthcare variation in different countries have included different specific procedures. For example, in Australia revision procedures have been included in studies of joint replacements, while in England and the USA they have not been.[@R22] For these reasons, although we can assess general trends, it would not be appropriate to directly compare standardised rates for procedures found in this study with international work. Future research is planned to explore differences in variation measures and standardised rates when definitions aligned to the atlases of healthcare variation in different countries are applied to Irish data.

Clinical implications {#s4d}
---------------------

Much of the research aiming to decrease the geographical variation of preference-sensitive care has focused on improving shared decision making.[@R11] Supply-sensitive variation is more difficult to address.[@R11] Published recommendations for the reduction of variation in musculoskeletal procedures in Ireland include introducing referral thresholds based on imaging findings and the success of conservative treatment.[@R5]GPs in Ireland however report limited direct access to publicly funded MRI and physiotherapy services.[@R5] Since 2011 in Ireland, Advanced Practice Musculoskeletal Physiotherapist posts have been established in many hospitals to enable multidisciplinary triage of GP referrals. In 1 year, almost 14 000 new patients were seen, most commonly for knee (23%) and lower back (22%) pain with only 20% being subsequently referred to consultant physicians.[@R55] These clinics have the potential to speed up access to specialised assessments, aid patient education and shared-decision making and facilitate appropriate conservative management[@R55] but whether this can reduce the geographic variation observed in our study requires further research.

Conclusion {#s5}
==========

This study provides a national picture of variation across musculoskeletal procedures conducted through public hospitals in Ireland. The level of variation and factors associated with standardised rates for hip and knee procedures is in line with research conducted internationally. In keeping with growing evidence in favour of medical management, knee arthroscopy rates in Ireland are falling. Of concern, we found very high levels of variation across procedures used to treat lumbar degenerative disease. Further research is needed to explore the reasons for very high rates of spinal injections in particular areas in Ireland. Future work should also evaluate service changes that have the potential to reduce variation in musculoskeletal procedure rates including the development of multidisciplinary triage clinics.
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